Study Design. Retrospective review of prospective data. Objective. To determine if surgically leveling the upper thoracic spine in patients with adolescent idiopathic scoliosis results in level shoulders postoperatively. Summary of Background Data. Research has shown that preoperatively tilted proximal ribs and T1 tilt are more correlated with trapezial prominence than with clavicle angle. Methods. Prospectively collected Lenke 1 and 2 cases from a single center were reviewed. Clinical shoulder imbalance was measured from 2-year postoperative clinical photos. Lateral shoulder imbalance was assessed utilizing clavicle angle. Medial imbalance was assessed with trapezial angle (TA), and trapezial area ratio (TAR). First rib angle, T1 tilt, and upper thoracic curve were measured from 2-year radiographs. Angular measurements were considered level if 38 of zero. TAR was considered level if 1 standard deviation of the natural log of the ratio. Upper thoracic Cobb at 2-years was categorized as at or below the mean value ( 148) versus above the mean. Results. Eighty-four patients were identified. There was no significant difference in the percentage of patients with a level clavicle angle or TAR based on first rib being level, T1 tilt being level, or upper thoracic Cobb being at/below versus above the mean (P < 0.05). There was a significant difference in the proportion of patients with level TA based on first rib angle (P ¼ 0.006), T1 tilt (P 0.001), and postoperative upper thoracic Cobb (P ¼ 0.04). The odds ratios of having a level TA were 3.9 (1.4-10.6) if first rib was level, 5 (1.9-12.9) if T1 tilt was level, and 2.6 (1.0-6.3) if postoperative upper thoracic Cobb was 148. Conclusion. Leveling the upper thoracic spine does not guarantee clinically balanced shoulders or clavicles. Trapezial prominence was impacted by leveling T1 and the first rib and by minimizing the upper thoracic curve. How to achieve laterally balanced shoulders postoperatively remains unclear.
A lthough the primary goal of surgically treating adolescent idiopathic scoliosis (AIS) is to safely correct the spinal deformity and prevent further progression to ensure the best patient function possible, secondary goals may include addressing clinical deformities. Patients' clinical appearance after surgery is of concern to both the patients and the surgeons. Self-image and patient satisfaction have been found to be associated with clinical deformity. [1] [2] [3] Bengtsson et al 3 found that patients with severe scoliosis were characterized by insecurity and hypersensitivity, and that their psychosocial adjustment was negatively correlated with the severity of their deformity. Edgar and Mehta 2 reported that among scoliosis patients who were depressed or insecure, rib prominence and asymmetry were reported as the most concerning deformity factors associated.
Shoulder imbalance can be a particularly challenging aspect of the deformity to predict postoperatively. Smyrnis and Sekouris 4 suggested shoulder asymmetry of 2 cm or greater postoperatively is a potential cause of dissatisfaction. Although many authors have reported success in balancing the shoulders after surgical correction of scoliosis, [5] [6] [7] [8] direct manipulation of the spine (i.e., T1 tilt) does not always directly correlate with shoulder balance. 9 Factors reportedly influencing postoperative shoulder balance in Lenke 1 curves include flexibility of the proximal thoracic curve and correction of the main thoracic curve. 10 Hong et al 11 found that preoperative shoulder imbalance and correction rate of the middle and distal curves were most likely to influence postoperative shoulder balance. Specifically, they found that the smaller the shoulder imbalance preoperatively, the more likely these patients were to have greater shoulder imbalance postoperatively. Yagi et al 12 reported that apical rotation of the main curve and chest cage angle difference were significant predictors of postoperative shoulder imbalance. The variability of findings in previous research attests to the challenges of defining, measuring, and correcting shoulder imbalance. This is an important factor to understand, however, as shoulder balance can influence the surgeon's decision regarding proximal fusion level. 8, 13 In addition to radiographic parameters, attention should be paid to clinical shoulder balance. Recent studies have shown that there are different aspects of clinical shoulder asymmetry and that they relate differently to various radiographic outcomes. 14, 15 Qui et al 14 evaluated shoulder (a)symmetry utilizing measurements of inner and out shoulder height, shoulder area, shoulder angle, and axilla angle. These were correlated to radiographic measurements. The authors concluded that both clinical and radiographic assessments of shoulder imbalance should be taken into consideration during surgical planning.
Ono et al 15 defined two types of shoulder asymmetry: medial and lateral. The medial shoulder was best represented by trapezial prominence. The lateral shoulder measurements were defined by the clavicle angle (CA). They found that the medial shoulder imbalance correlated with radiographic parameters, such as T1 tilt, first rib angle, and upper thoracic curve size. Lateral shoulder imbalance was only weakly correlated to the same radiographic measurements. Whereas only evaluating patients preoperatively, their study suggested that lateral shoulder imbalance may be more challenging to influence with surgical correction than medial shoulder balance. The purpose of the current study was to determine if surgically leveling the upper thoracic spine results in level shoulders (medially and/or laterally) postoperatively.
MATERIALS AND METHODS
Eighty-four patients with AIS (Lenke 1 and 2 type curves) from a single center who underwent spinal fusion and instrumentation to correct their spinal deformity were included. There were 64 (76%) Lenke 1 and 20 (24%) Lenke 2 curves. Seventeen were male and 67 were female. There were 26 anterior spinal fusions (ASF) and 58 posterior spinal fusions (PSF).
Preoperative and postoperative (minimum 2 yr) radiographic and clinical photos were evaluated. All patients had standing posteroanterior and lateral radiographs. The clinical photographs were taken from the front with patients' arms by their sides. The clinical photo measurements were based on parameters previously defined by Ono et al 15 and included CA (the angle between the line connecting the top margin of the acromions and the horizontal line), trapezial angle (TA; the angle between the horizontal line and the line connecting the intersections of the sternocleidomastoid muscle and trapezius), and trapezial area ratio left/right (TAR; the line connecting the top margin of the acromions, the perpendicular line through the intersection of the sternocleidomastoid and trapezius muscle, and the margin of the trapezial muscle). The ratio of the left area to the right is calculated) (Figure 1 ). For the CA and TA measurements, a positive value represented a high left side.
Three groups were created based on the location of the upper instrumented vertebra (UIV): UIV at T2, UIV at T3, and UIV at T4 or distal. Clinical photo measurements were performed using the Pixelsticks (version 2.3, Plum Amazing Software LLC) and trigonometric software (version 1, David Caddy). Radiographic measurements included Cobb magnitudes and the first rib angle (measured by creating a tangential line that connected both tops of the corresponding ribs) and T1 tilt (the angulation of upper endplate of T1 to the horizontal; positive values represent a higher left side) ( Figure 2 ). Angular measurements were considered level if within 38 of zero. TAR was considered level if within 1 standard deviation of the natural log of the ratio. Upper thoracic Cobb at 2-years was categorized as at or below the mean value ( 148) versus above the mean.
Clinical photo measurements were performed twice and the averages of the two measurements were used in the analyses. The clinical photo measurements were correlated with the radiographic measurements to determine what factors are associated with postoperative shoulder balance. Statistical analyses were performed using SPSS and significance was set at P < 0.05.
RESULTS
A significant change was observed in all three clinical measures of shoulder imbalance (CA, TA, and TAR) from preoperative to 2 years postoperative (P < 0.001). Preoperatively, CA, TA, and Ln TAR were -3.388, -3.568, and -0.17, respectively. Each value showed improvement toward being more balanced at 2 years postoperation (0.328, 1.278, and 0.09); however, TA went from an average of -3.68 (high on right) to 1.278 (high on left) ( Table 1) .
A weak to moderate correlation was found between CA, TA, and Ln TAR and first rib angle (0.29, 0.51, and 0.33). There was weak correlation between CA, TA, and Ln TAR and T1 tilt (0.02, 0.12 and 0.07). Upper thoracic curve correction was moderately significantly correlated with TA (0.45) and Ln TAR (0.37), but was only weakly correlated with CA (0.14). There was a weak correlation between thoracic curve and CA (-0.29). Greater upper thoracic curve correction was associated with a greater right-sided Ln TAR. A lower percent correction was associated with a high right shoulder. A higher percent correction of the main thoracic curve was associated with a trend toward a high left shoulder.
The percentage of patients with a level clavicle angle ( 38) was not significantly different between first rib angle within 0-38 versus > 38 (P ¼ 0.6), T1 tilt within 0-38 versus > 38 (P ¼ 0. Table 2 . The UIV was T2 in 12 cases (14.3%), T3 in 13 cases (15.5%), and T4 or distal in 59 cases (70.2%). All three UIV groups significantly changed in all three shoulder measures (P < 0.05). There was no difference in the pattern of change over time between the three groups. For CA, the T4 þ distal groups were significantly different at 2 years from the T2 group. In general, the T4 þ distal group had more balanced shoulders postoperatively than the other UIV groups.
When comparing the effects of approach, there were some differences between those that underwent an anterior spinal fusion compared with a posterior approach. The ASF group had a statistically greater percentage of neutral patients postoperation for CA as compared with PSF (88% vs. 62%, P ¼ 0.036). However the proportion of balanced/imbalanced shoulders for TA and TAR was not significantly different for ASF versus PSF.
DISCUSSION
The decision making process for the proximal extent of a fusion for AIS is often influenced by the surgeon's concern for postoperative shoulder balance. For a main thoracic curve, multiple preoperative factors have been evaluated to help assist the surgeon in determining the need to fuse a proximal thoracic curve. The Lenke classification recommended fusing the proximal thoracic curve if it is considered ''structural'' (greater than 25 o ) on side-bending radiographs or associated with proximal kyphosis. 16 This was supported by Cil et al 17 who specifically evaluated the effect of this rule on shoulder balance. They suggested that proximal curves below the threshold for being structural could be safely left uninstrumented and result in similar postoperative shoulder balance as those with fused upper thoracic curves.
Others have suggested that preoperative shoulder balance is the most important predictor of postoperative shoulder balance. Kuklo et al 5 utilized the clavicle angle (intersection of a horizontal line and a line connecting the two highest points of each line) on the standing posteroanterior radiograph to assess patient shoulders. They recommended extending the fusion proximally to T2 or T3 if the contralateral shoulder was high. Interestingly, they found that neither the proximal thoracic nor the side-bending proximal thoracic Cobb was the best predictor of postoperative shoulder balance. Suk et al 8 recommended treating the proximal curve if the Cobb was greater than 25 degrees and if the patient had preoperative level or an elevated left shoulder. Failure to include the curve would result in postoperative shoulder asymmetry, especially with the significant correction that can occur with segmental instrumentation.
Recent studies have demonstrated that there are two components of shoulder balance: medial (trapezial prominence) and lateral (clinical shoulder balance). 15 Understanding these differences may help us to understand why, ultimately, there is no consensus in how best to ensure properly balanced shoulders after spinal deformity surgery. When we look at the anatomy of the shoulder, there is no direct contact between the spine and the shoulder. The spine vertebra articulates with the ribs, which then loosely connects with the scapula. As reported by Ono et al 15 , the position of the proximal spine as measured by T1 tilt, first rib angle, and proximal thoracic Cobb does not correlate well with lateral shoulder balance. Instead, these measures correlate better with the medial trapezial prominence. Similarly, our study found that postoperatively, these same measures better correlated with the medial trapezial prominence.
Many authors, however, do report that proximal thoracic instrumentation can influence the lateral shoulder balance. 6, 7, 9, 17 As reported by our study, the majority of the patients had improvement in their lateral shoulder balance 2 years postoperatively. In addition, there is a weak correlation between the proximal spinal deformity and the postoperative lateral shoulder balance. However, this may be a reflection in the overall improvement in the truncal/thoracic cage deformity of the patient. Considering that the shoulders lay on the trunk/thoracic cage, any improvement in this area after spinal deformity correction will likely result in some lateral shoulder correction as well.
A limitation of the current study is that, although the clinical photographs and the radiographs were taken in standardized fashions, the possibility remains that variation may still exist in patient positioning. Another limitation of this study is the difficulty in controlling all of the variables involved in shoulder balance. As discussed, numerous factors are believed to be associated with postoperative shoulder balance, including but not limited to preoperative shoulder balance, curve flexibility, and levels instrumented. As suggested by Suk 8 , even correcting a large deformity of the main thoracic curve can result in imbalanced postoperative shoulders. How to account for all of the factors is difficult to analyze, particularly when they may not all relate to the same aspects of shoulder balance (medial vs. lateral). Because of the many variables associated with shoulder balance, it is difficult to provide specific recommendations for obtaining balanced shoulders postoperatively. In the current study, correcting the upper thoracic spine was associated with improved medial shoulder balance postoperatively; however, the lateral shoulders were less predictably controlled. This study further supports the concept of two different shoulder measurements and demonstrates the difficulty of controlling the mobile shoulders when manipulating the spine.
CONCLUSION
This study suggests that surgeons have more control correcting trapezial prominence than clinical shoulder balance after spinal fusion and instrumentation for AIS. The technique of instrumentation may or may not be significant in the correction of lateral shoulder balance. The goal of leveling the upper thoracic spine does not appear to guarantee clinically balanced shoulders or clavicles. Instead, the trapezial prominence as measured by the trapezial angle did seem impacted by leveling T1 and the first rib, and by minimizing the upper thoracic curve. The solution to achieving balanced shoulders laterally after deformity correction surgery for AIS remains unclear. Further study is needed to better understand shoulder balance and its relationship to the spine.
Key Points
Postoperatively, the majority of patients had improved lateral shoulder balance. Correcting the upper thoracic spine was associated with improved medial shoulder balance postoperatively; however, the lateral shoulders were less predictably controlled. Leveling the upper thoracic spine does not appear to guarantee clinically balanced shoulders or clavicles.
